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Abstract 

We calculate the one-electron spectral function of the attractive-?/ Hubbard model in two dimensions. We work 
in the intermediate coupling and low density regime and evaluate analytically the self-energy. The results are 
obtained in a framework based on the self-consistent T-matrix approximation. We also calculate the chemical 
potential of the bound pairs as a function of temperature. On the basis of this calculation we analyze the low- 
temperature resistivity and specific heat in the normal state of this system. We compare our results with recent 
beautiful tunneling experiments in the underdoped regime of HTSC-materials. 
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1. Introduction 

The attractive Hubbard model is very challeng- 
ing for theorists since its physics is bearing quite 
some resemblance to the underdoped regime in 
High Temperature Superconductors [1], [2]. 

In the present paper we treat analytically the 
intermediate coupling regime of this model. There 
are two characteristic temperatures in this regime. 
The first one is a crossover temperature , where 
the density of electrons in bound pairs 2rtB is equal 
to the density of unpaired electrons np. 01 course, 
the total density of charge carriers in the system 
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satisfies the condition n = np + 2n^. The second 
temperature Tkt is a Kosterlitz-Thouless critical 
temperature [3] of a superfluid transition in 2D. 
We consider the low-temperature normal regime of 
the model Tkt < T < T,. 



2. Theoretical model and results 

We consider an attractive-?/ Hubbard model 
[4] {U < 0) in the intermediate coupling regime 
\U\ < W. We restrict our calculations to low den- 
sity limit In this limit the crossover temperature 
is given by [4] : 



2\n{\Ei,\/Wn)' 



(1) 
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where \E\)\ is the binding energy of a local pair 

on the empty lattice [4]. At the same time, the 
Kosterlitz-Thouless transition temperature reads 
[5], [6]: 



nW 



41nln(|i;b|/l^n)" 



(2) 



Low density means that Tkt < T. , or, in another 
words: l^bl >^. 

We first calculate the two-particle T-matrix for 
small CO and q. This yields: 



T(a;,q) = 



\Eu\W 



\ 4rr 



(3) 



It is important to note that the pole-structure of 
the T-matrix reflects the creation of a bound pair 
with a mass me = 2m = 1/t and a bosonic chem- 
ical potential fiB = + l-Bbl, where fi is the one- 
particle chemical potential. As a result, we obtain 
the following expression for the one-particle spec- 
tral function: 



lmG{u!, q) : 



\E^\Wn 



(eq - /x) 
\E^\Wn 



d{u + eq- fx + HB). (4) 



This expression describes an assymmetric two- 
band structure, consisting of a fermionic band and 

a bosonic band separated by a correlation gap 
A = |£;b|. For Tkt < T < T,: np - cxp|-l^}, 
hence n ~ 2nB and we have a new type of metal: a 
normal bosonic metal. Let us study the resistivity 
and specific heat of this metal. At very low densi- 
ties, when not only the parameter |iJb|/M^7i ^ 1, 
but also [5], [6] \-nln{\ Eb\/Wn) > 1, the Kosterlitz- 
Thouless critical temperature is smaller than the 
degeneracy temperature Tq =-^^ of a 2D gas of 
bound pairs. In this case the bosonic chemical 
potential at temperatures T < Tq becomes expo- 
nentially small and reads: /iB = — Tcxp(— Tq/T). 
As a result, the specific heat of the system be- 
comes linear [7]: C„ = nT/To for T < Tq. Note 
that since C„ = n for T > Tq there is no A-point 
in our system. 



Finally, the resistivity changes its behavior [7] 
from i? ~ VT for T > To on ~ ^ exp (-^) 
for T < To. 



3. Conclusions 

We would like to emphasize that already such 
a simple theory, as presented above, brings a lot 
of similarities with the recent results of beautiful 
tunneling experiments [8] in underdoped regime of 
HTSC-materials. These similarities include a large 



value of the ratio of 



2A 



rp ■ - w 10 and a strong 

-t c 

anisotropy of the density of states both in the- 
ory and in experiment. Note that in our theory 
2A/Te = 2\Eb\/TKT. 
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